ABSTRACT
INTRODUCTION
Overweight children who seek weight-loss treatment commonly report episodes of binge eating, during which they consume large amounts of food and experience loss of control over their eating. Between 10% and 30% of overweight children who have a body mass index (BMI; in kg/m 2 ) ͧ 95th percentile for age and sex (1) describe ͧ1 episode of binge eating in a period of 6 mo (2-4), even though few meet the diagnostic frequency criterion for binge-eating disorder (binge eating ͧ2 times/wk) (5) . Adults (6) and children (3, 7, 8) who report binge eating or loss of control over eating were found to be heavier and to have greater adiposity than those who deny such behaviors. When followed prospectively, children and adolescents with bingeeating episodes were also shown to gain more weight (9 -11) and fat mass (12) than did children who do not binge eat, which suggests that binge eating may be a factor that contributes to the development of overweight during childhood.
Children who have problems with binge eating report high scores on measures of disinhibited eating (eating in response to cognitive, environmental, and affective stimuli) (2) , which suggests that they are disproportionately affected by external food cues, such as the sight and smell of food. Children who report binge eating may therefore be expected to overeat to an even greater extent than children who do not binge eat when offered free access to large quantities of palatable foods, as is commonly the case at restaurant buffet meals. Some studies also suggest obese adults with binge-eating disorder have larger gastric capacities (13) and lesser nociperception (14) than do obese adults without binge-eating disorder and thus may have an impaired ability to sense fullness. We therefore examined the energy intake and satiety duration of overweight children during lunchtime meals. We hypothesized that children who report binge eating would consume more energy when offered large quantities of palatable foods than would similarly overweight children who reported no binge-eating episodes. We further hypothesized that, compared with children who do not binge eat, children who report binge eating would become hungry more rapidly after eating to the point of satiation.
SUBJECTS AND METHODS

Participants
A convenience sample of overweight children aged 6 -12 y was recruited through newspaper advertisements and letters mailed to local family physicians and pediatricians for a weightloss study that examined the effects of metformin hydrochloride (15) . Children were eligible if they had a BMI ͧ 95th percentile for age and sex (1) and were healthy other than having evidence of insulin resistance (fasting insulin ͧ15 U/L). Binge eating was not mentioned in any advertisement. Participants were studied before they started weight-reduction treatment. All participants were given written and oral explanations of the purposes, procedures, and potential risks of the study. Each child provided written assent, and parents gave written consent for their participation. The present study was approved by the National Institutes of Child Health and Human Development Institutional Review Board. Data were collected between October 2000 and September 2005.
Procedures
The participants were admitted for a 3-d inpatient stay during which each participant ate from a standardized lunch buffet twice, 2 d apart. Weight and height were measured as described previously (16) with the use of calibrated electronic instruments. BMI was calculated. BMI SD scores (BMI z scores) were calculated according to the Centers for Disease Control and Prevention 2000 growth charts (1). Body composition was measured as previously described (16, 17) with the use of air-displacement plethysmography (Life Measurement Inc, Concord, CA) to determine fat-free mass and body fat mass.
To assess binge eating, each child completed the Questionnaire of Eating and Weight Patterns-Adolescent Version (QEWP-A) (18) . The QEWP-A has been used with children as young as 6 y (19 -21) and has adequate concurrent validity when correlated with measures of abnormal eating attitudes (18) as well as acceptable test-retest reliability (22) . On the basis of their responses to the QEWP-A, children were categorized into 2 eating behavior groups for analysis: those who reported bingeeating episodes (overeating with loss of control) within the past 6 mo and those with no reported binge-eating episodes. The participants also completed the Three-Factor Eating Inventory (23), a 51-item questionnaire designed to measure 3 dimensions of human eating behavior: cognitive restraint, disinhibition, and hunger. To ensure that the participants found foods offered on the buffet acceptable, participants completed a food-preference questionnaire that used a 10-point Likert scale (24) to rate how much they liked 57 foods children commonly consume (25) , which included the foods offered on the buffet.
Lunchtime buffet meals
The participants were asked to select their lunch from a multiple-item buffet meal on 2 occasions during their 3-d inpatient admission. Energy offered at all other meals between the 2 buffet meal studies was selected by a registered dietitian to maintain current body weight. On the first day, the participants were offered the buffet meal at 1130 after an overnight fast (the postfast meal). Two days later, children were offered the buffet meal, which was given at 0930 (the postbreakfast meal), after they had ingested a standardized breakfast shake meal (Scandishake; Axcan Pharma Inc, Birmingham, AL; 787 kcal, 52% carbohydrates, 11% protein, 37% fat).
The buffet meals offered a variety of foods children commonly eat that differed greatly in macronutrient composition ( Figure  1) ; together, the foods supplied 9835 kcal for ingestion ( Table 1) , which is substantially more than any child would be likely to consume during one meal. Children were tested individually. When each child entered the room that contained the buffet, the following instruction was read aloud verbatim: "Please let yourself go and eat as much as you would like. You may eat as much of anything as you would like to, but you do not have to eat anything that you do not like." The participants were then left alone in the room that contained the buffet to eat ad libitum. Time spent eating was measured with the use of a stopwatch. The amount of food consumed was calculated by using the differences in weight of each food item before and after the meal. The nutrient composition for each food was determined according to information from PRONUTRA 3.1 (Viocare Technologies Inc, Princeton, NJ), a metabolic diet study management system that uses the US Department of Agriculture Nutrient Database for Standard Reference (Release 16). Immediately before and, again, after eating, children were asked to rate their hunger, fullness, and desire to eat (26) . For prompts pertaining to hunger and fullness, each participant was asked to place marks on a FIGURE 1. Adjusted mean (ȀSEM) for energy intake and satiety duration in children who reported binge-eating episodes (■; n ҃ 10) and children who reported no binge-eating episodes (ᮀ; n ҃ 50).
*,** Significantly different from children with no binge-eating episodes (analysis of covariance for main effect of binge-eating status on mean energy intake or satiety duration): *P 0.05, **P 0.01.
visual analog scale that ranged from "not at all" to "extremely." Children indicated how much more food they felt they could eat on a visual analog scale that ranged from "a very small amount" to "a very large amount." These questionnaires were completed in a room devoid of food or food-containing images.
After the postfast and the postbreakfast meals, satiety duration (time between cessation of eating and onset of hunger) was recorded. The time when the postbreakfast meal was offered depended on when the child reported being hungry enough to eat, but no child was allowed to eat the postbreakfast meal before 1115.
Statistical methods
Statistical analyses were conducted with the use of SUPER-ANOVA (version 1.11; Abacus Concepts Inc, Berkeley, CA) and STATVIEW (version 5.01; SAS Institute Inc, Cary, NC) software. The primary study analyses were comparisons between the binge-eating and non-binge-eating groups in satiety duration after the postfast meal and after the standardized breakfast shake meal, satiation time (time spent eating before participants reported fullness) for the 2 buffet meals, and energy consumption during the 2 buffet meals. Analyses of covariance were performed with group as the main factor and age, race, sex, the interaction between sex and age, socioeconomic status (27) , fatfree mass (in kg), body fat mass (in kg), and number of buffet meal foods rated acceptable as covariates. A secondary analysis excluded data from the 10 children who did not rate ͧ50% of the foods offered on the buffets ͧ6 of the 10-point scale. Because neither the direction nor the significance of any result changed compared with analyses that included all subjects, data from all subjects are reported. By using a 5% type I error rate, we estimated that a sample of 60 participants would provide 80% power to detect a between-group difference in energy intake of Ȃ250 kcal and a group difference in satiety duration of 30 min. All results are presented as adjusted (least squares) means (ȀSDs) unless otherwise indicated. Statistical significance was defined as a two-tailed P ͨ 0.05, adjusted for multiple comparisons, so the false discovery rate would be 5% (28) .
RESULTS
Sixty children participated in the study ( Table 2) . One child did not participate in the second buffet meal. No significant differences in age, sex, race, BMI z score, percentage fat, fat-free mass, socioeconomic status (27) , or pubertal stage were observed between the binge-eating and non-binge-eating participants.
Postfast meal
Self-reported ratings of hunger and fullness before the postfast meal and the duration of the meal were not significantly different between groups (Table 3) . However, children in the binge-eating group reported a significantly greater desire to eat before the meal than did children in the non-binge-eating group (P ҃ 0.004). Total intake during the postfast meal, adjusted for covariates (see Subjects and Methods), was significantly greater in children who reported binge eating than in children who did not binge eat (1748 Ȁ 581 compared with 1309 Ȁ 594 kcal; P ҃ 0.04; Figure 1 ). No significant differences in the macronutrient 2 Chi-square tests for categorical variables and t tests for continuous variables were used to compare children with and without reported binge eating-episodes. Socioeconomic status was determined based on parents' education and employment history.
3 BMI z score is a SD score for children's BMI accounting for age and sex, calculated according to a formula from the Centers for Disease Control and Prevention (1).
composition of the foods consumed or in ratings of hunger, fullness, or desire to eat immediately after the meal were observed between the 2 groups (Table 3) ; however, the participants in the binge-eating group reported an earlier onset of hunger after the meal (194 Ȁ 84 compared with 262 Ȁ89 min; P ҃ 0.03; Figure 1 ). Body composition, included as a covariate in all analyses, was not significantly associated with energy intake (fat mass, P ҃ 0.91; lean mass, P ҃ 0.52), with satiety duration, or with ratings of hunger, fullness, or desire to eat.
Breakfast shake meal
Self-reported ratings of hunger, fullness, and desire to eat before the breakfast shake, the amount of the shake consumed (751 Ȁ 152 kcal for the binge-eating group compared with 755 Ȁ 1495 kcal for the non-binge-eating group; P ҃ 0.94), and ratings of hunger, fullness, and desire to eat immediately after the breakfast shake meal were not significantly different between the groups (Table 3) . However, the children in the binge-eating group again reported an earlier onset of hunger after consumption of the breakfast meal than did the children in the non-bingeeating group (75 Ȁ 62 compared with 132 Ȁ 62 min; P ҃ 0.01; Figure 1 ).
Postbreakfast meal
Children in the binge-eating and non-binge-eating groups did not differ significantly in the mean time at which they were offered the postbreakfast meal [binge-eating group: 1212 (4 min); non-binge-eating group: 1230 (8 min); P ҃ 0.11]. Although no significant differences were observed in premeal ratings of hunger or fullness between the binge-eating and nonbinge-eating groups (Table 3) , the children in the binge-eating group reported a greater desire to eat before the postbreakfast meal than did the children in the non-binge-eating group (P ҃ 0.006). The same pattern was seen for total energy intake with the postfast meal: children in the binge-eating group consumed significantly more energy than did children in the non-binge-eating 1 All values are adjusted x Ȁ SD. 2 Children with and without reported binge eating were compared by using analyses of covariance, accounting for demographic variables. Analyses of covariance were performed with group as the main factor and age, race, sex, the interaction between sex and age, socioeconomic status, fat-free mass (in kg), body fat mass (in kg), and number of buffet meal foods rated acceptable as covariates.
3 For the postshake buffet meal, 9 children with binge eating behavior participated.
group (1874 Ȁ 560 compared with 1275 Ȁ 566 kcal; P ҃ 0.004; Figure 1 ). Body composition, included as a covariate in all analyses, was not associated with energy intake (fat mass, P ҃ 0.85; lean mass, P ҃ 0.14) or with ratings of hunger, fullness, or desire to eat.
Three-factor eating inventory
Results of the three-factor eating inventory are shown in Figure 2 . Children who reported binge eating (n ҃ 8) did not differ significantly from non-binge-eating participants (n ҃ 40) in restraint scale scores (6.9 Ȁ 4.7 compared with 7.4 Ȁ 4.9; P ҃ 0.80). However, the binge-eating children reported significantly higher levels of disinhibition (9.8 Ȁ 3.5 compared with 5.7 Ȁ 3.5; P ҃ 0.003) and hunger (10.7 Ȁ 4.1 compared with 5.3 Ȁ 11.8; P 0.001).
DISCUSSION
More than 30% of children and adolescents in the United States are now classified as overweight or at risk of overweight (29) , and most of these children are predicted to become overweight or obese adults (30, 31) . Among the sociocultural factors believed to promote pediatric weight gain is the increasing tendency for foods to be purchased in restaurants and from other purveyors of prepared foods. More than 40% of money spent on food by families is now used to purchase food prepared outside the home (32), 75% of adolescents report eating ͧ1 fast-food meal/wk (33) , and as much as 30% may eat a fast-food meal 3 times/wk (33, 34) . Portion size and energy density tend to be greater in meals prepared and eaten away from home (35, 36) . Because larger portion sizes lead to greater intake for children aged ͧ4 y (37) (38) (39) (40) , it is perhaps not surprising that the number of quick-service meals consumed was found to predict girls' weight gain (41) . In the present study, we found that when overweight children who reported binge eating were asked to choose their lunch from a buffet that contained large portions of palatable foods, they overate to a significantly greater extent than did equally overweight children not reporting binge eating. Children with a history of binge eating ate 400 kcal more than did children who did not report binge eating. Despite their greater energy intake, the children who reported binge eating became hungry Ȃ1 h earlier than did the children who did not report binge eating.
The greater energy intakes we observed in children with a history of binge eating during the 2 buffet meals are consistent with data from laboratory studies of adults with binge-eating disorder who, when instructed to binge eat, consume significantly more energy than adults who do not engage in binge eating (42) (43) (44) . More important, the greater intake of children with a history of binge eating and the shorter time for which they remain sated may explain why children and adolescents who report binge eating are heavier (3, 7, 8) and gain more weight over time (9 -12) than children and adolescents with no such history. Children who report binge-eating behaviors appear to have deficits in appetite regulation that put them at risk for the development of obesity because of their capacity to consume more energy and become hungry more rapidly than children without binge-eating behaviors. Future studies are needed to elucidate the behavioral, genetic, and neurohumoral (45) mechanisms for these observations. Children with binge eating behavior also reported significantly greater scores on the Three-Factor Eating Inventory disinhibition scale, which is a measure of responsiveness to external food stimuli and emotional states, than did children who did not binge eat. This observation suggests that children who report binge eating may be responding less to internal physiologic hunger cues and more to sensory cues or their own affective and cognitive statuses. Functional neuroimaging studies conducted in adults suggest those with binge eating have greater activation of the premotor cortex when stimulated by food cues than do those with no binge eating (46, 47) . Interventions that focus on training children to attend to physical hunger signals (48) may then be proposed as a method for slowing the progression of weight gain in children with binge eating.
Among the strengths of the present study are the similar body composition of children with and without reported binge eating who participated and the evaluation of actual food intake under controlled conditions rather than reliance on self-reports of intake (49) . Because children were admitted to the Clinical Research Center for study, energy intake and duration of satiety could be measured accurately twice, with energy intake at intervening meals controlled. Limitations of the study include the relatively small number of participants, particularly in the bingeeating category, and the use of a questionnaire, rather than an interview, to determine binge-eating status. Because of the design of the questionnaire used, we were unable to elucidate whether the greater energy intake and the shorter satiety time observed in the children in the binge-eating group can be attributed to eating an objectively large amount of food or to experiencing a loss of control over eating. Previous studies that examined binge eating in children have reported that loss of control, rather than the amount of food ingested, appears to be the factor most often associated with increased eating-related emotional distress (50) and greater body weight (3) than eating episodes that do not contain the element of a loss of control. Although sex was included in all statistical models and was not significantly different between the 2 groups, given the somewhat large number of boys in the binge-eating group, it is possible that these findings are more descriptive of male binge eaters. Additional laboratory studies that include larger numbers of female binge eaters are needed to determine potential sex differences in binge-eating behavior. Finally, because the children in the present study were tested individually, we could not examine the complex behavioral interactions that may stimulate or inhibit intake when children eat with others.
In conclusion, treatment-seeking, overweight children who report binge eating appear to be at particular risk of overeating when offered large quantities of palatable foods. Future studies are needed to examine methods that may help overweight children with binge eating moderate their food intake and thus prevent their continued excessive weight gain.
